Abstract: Rheumatoid arthritis (RA) is a significant cause of work disability and job loss. The resulting economic burden experienced by patients has received considerable research attention. This research assesses the effect of tumor necrosis factor (TNF) antagonists (infliximab, etanercept) on the ability of RA patients living in Japan to work and participate in society. A total of 42 patients with active RA were enrolled and given biological therapy for 12 months (mo). Of these patients, 14 were employed full-time, 6 were employed part-time, and 22 were not employed. Twenty-six patients were given infliximab, and sixteen were given etanercept. The amount of domestic labor performed before the biologics served as a baseline and was assigned a value of 0%. After treatment with biologics, the productivity was evaluated using the visual analog scale (VAS; -100 to +100 mm). The administration of TNF antagonists to RA patients who exhibited an insufficient response to medical treatment significantly improved the Disease Activity Score 28 (DAS 28) after both 6 mo and 12 mo (P , 0.0001). A significant correlation was found between the improvement in their DAS 28 and improvements in their work situation (Productivity VAS) (P , 0.05). Of particular interest is the significant correlation between the values of baseline mHAQ and the percent changes of Productivity VAS that was observed after 6 mo and 12 mo (P , 0.05). Our findings indicate that medical treatment of RA with TNF antagonists improves the patients' ability to perform their jobs and housekeeping. Because loss of productivity is an important contributor to the indirect costs of RA, our findings are relevant for the pharmacoeconomic assessment of treatments.
Introduction
Rheumatoid arthritis (RA) is a chronic, progressive disease with an estimated worldwide prevalence of 0.1%-1%. In order to minimize morbidity, early diagnosis and aggressive treatment are required. [1] [2] [3] Joint destruction progresses as a result of continued inflammation. Over the course of RA, there is a relationship among disease activity, joint destruction, and functional capacity. 4 In clinical settings, the tumor necrosis factor (TNF) antagonists infliximab (Ifx) and etanercept (Etn) have successfully reduced the TNF-induced production of inflammatory mediators, which reduces the signs and symptoms of RA. 5, 6 Research has shown that work disability is associated with the disease activity and duration of RA, as well as reduced physical function in patients with longstanding RA. [7] [8] [9] The loss of productivity associated with RA disability is a significant burden on the patients, their families, and society. 10 This negative impact is observed even in patients in the early stages of the disease. Given that the loss of working capacity is a significant outcome of RA, the effectiveness of treatment strategies should be evaluated not only using traditional clinical, functional, and radiographic measures, but also by determining how well the patients receiving these treatments are able to maintain employability. Several clinical trials have provided compelling data regarding the clinical efficacy of biologics in both the induction and maintenance of remission in RA. Although biologics often induce rapid clinical improvements in patients with RA, the price of these drugs limits their use. 11, 12 Thus, estimating the direct and indirect effects of biological agents, such as clinical outcomes, is important.
To assess the impact of the treatment with TNF antagonists in Japanese patients with RA, we examined the influences and correlation of the productivity of daily work and the changes in disease activity.
Patients and methods Patients
At the baseline visit (Week 0), the patient's characteristics and employment status (employed [part-time or full-time] or not employed) were assessed. A total of 42 patients with active RA who met the 1987 ACR criteria 13 were enrolled and given biological therapy for 12 months (mo). Among these patients, 14 were employed full-time (laborer: 2, office worker: 12), 6 were employed part-time (all office workers), and 22 were not employed. The patients were given an intravenous dose of Ifx 3 mg/kg at baseline at 2 and 6 weeks, followed by every 8 weeks thereafter. Etn (25 mg twice a week or 50 mg once every week) was subcutaneously injected. The number of patients who received Ifx or Etn were 16 and 26, respectively. Glucocorticoids (,10 mg/day of prednisolone) and non-steroidal anti-inflammatory drugs had to be given at a stable dose for at least 4 weeks before the enrollment and during the course of treatment. The disease activity and patients' clinical improvement were assessed using the DAS28 (erythrocyte sedimentation rate [ESR] 4) using the European League Against Rheumatism (EULAR) criteria. 14, 15 According to the EULAR response criteria, patients with moderate to good responses to Ifx therapy were defined as the responsive group. Serum C-reactive protein (CRP) levels and ESR were respectively determined using a latex photometric immunoassay and the Westergren method. The percent improvement in DAS28 from baseline was calculated as follows: (baseline DAS28-post treatment DAS28 [6 or 12 mo]/baseline DAS28) × 100. At baseline, the demographic data and present medication were recorded, a complete history was taken, and a physical examination and routine laboratory examinations were performed, including whole blood count, tests of renal and hepatic function, and urinalysis. Additionally, the modified Health Assessment Questionnaire (mHAQ) score, which is widely used to assess patient health-related quality of life, was calculated at each visit. 16 Self-reported productivity in patients with RA
The effects of biologics in patients with RA on self-reported productivity were prospectively evaluated in RA (referred to as Productivity VAS) and based on a slightly modified protocol described by van der Heijde et al for patients with ankylosing spondylitis. 17 At baseline, 6 mo (usually 22 weeks for Ifx and 24 weeks for Etn) and 12 mo (46 weeks for Ifx, 48 weeks for Etn), the patients were asked to indicate how much their disease had affected their productivity at work, school, or home in the past 4 weeks using the VAS scale, with -10 from baseline meaning that they were unable to perform the activity completely, 0 meaning that they did not experience any change in productivity, and 10 meaning that their productivity had improved significantly. A mean change from base 0 in the improvement in self-reported productivity was calculated.
These experiments were conducted in accordance with protocols that were approved by the Human Subjects Research Committee at our institution. Informed consent was obtained from all patients.
Statistical analysis
The data were expressed as the mean ± SD. The differences between groups were evaluated using the Mann-Whitney U-test. Follow-up data were evaluated using Wilcoxon's test. The relationship between the changes in Productivity VAS and the indicated parameters were evaluated using the Spearman rank correlation. Values of P , 0.05 were considered significant.
Results

Effects of biologics in patients with RA treated with Ifx or Etn
The patient's characteristics are summarized in Table 1 . At the start of therapy, the mean age of the patients was 53.6 ± 15.7 years (range: 25-82; 47 females, 5 males), the mean disease duration was 4.4 ± 3.5 years (0.9-18.9), and the mean baseline DAS28 (ESR) was 5.44 ± 1.25 (2.47-7.71). The methotrexate (MTX) dosage was 5.8 (0-10) mg/week, and the HAQ was 4.3 (0-14). The fact that the dosages of MTX administered to our patients were somewhat lower than those reported in other countries reflects the lower effective submit your manuscript | www.dovepress.com Dovepress Dovepress and recommended dosages of MTX (6-8 mg per week) in Japanese RA patients. This result is in accordance with the results of a double-blind, placebo-controlled (phase II-III) trial involving Japanese RA patients (unpublished data). Due to increases in RA disease activity or unresponsiveness to the TNF antagonists, the treatment was discontinued in four patients after 48 weeks. Therefore, 42 patients at 6 mo and 38 patients at 12 mo, all of whom had received TNF antagonists, completed the assessments and clinical examinations.
The RA patients who had received the TNF antagonists showed significant improvement in DAS28 after 6 mo (n = 42, baseline 5.44 ± 1.25 to 3.64 ± 1.51, P , 0.0001) and 12 mo (n = 38, baseline 5.38 ± 1.28 to 3.21 ± 1.41, P , 0.0001) (Figure 1 ). After 6 mo, 76% of the patients achieved a moderate response in the EULAR response criteria, and 36% of the patients had good responses; after 12 mo, those numbers increased to 84% and 58%, respectively.
Effects of biologics on the changes in productivity VAS and the relationship with disease activity After 6 mo (n = 42, baseline 0 to 48.5 ± 44.5, P , 0.0001) and 12 mo (n = 38, baseline 0 to 47.2 ± 52.6, P , 0.0001), there were significant improvements in the Productivity VAS responses (Figure 2) . Interestingly, there was a significant positive correlation between the percent improvement in DAS28 and the improvement in Productivity VAS after 12 mo but not after 6 mo (Figure 3 ).
There were significant improvements in the mHAQ responses after both 6 mo (n = 42, baseline 0.54 ± 0.46 Productivity VAS * * Figure 2 Effects of TNF antagonists on Productivity VAS in patients with RA. Notes: Productivity VAS in RA patients was assessed at 6 mo and 12 mo after the administration of TNF antagonists (baseline is 0). Significant improvements (*P , 0.0001) in Productivity VAS were observed after both 6 mo and 12 mo. Abbreviations: VAS, visual analog scale; mo, months; RA, rheumatoid arthritis; TNF, tumor necrosis factor. to 0.32 ± 0.36, P , 0.001) and 12 mo (n = 38, baseline 0.53 ± 0.46 to 0.30 ± 0.35, P , 0.001). A significant correlation between the values of baseline mHAQ and the percent changes in Productivity VAS was observed after 6 mo and 12 mo (Figure 4) . However, the baseline disease submit your manuscript | www.dovepress.com Dovepress Dovepress activity (DAS28), patient age, and disease duration were not significantly correlated with the percent change in Productivity VAS at either 6 mo or 12 mo. In addition, one patient was able to start a new job.
Discussion
The progressive joint destruction as a result of chronic RA often leads to major disabilities. These disabilities severely limit quality of life and social activities. The impact of RA on work activities is a significant problem with profound effects on the individual and society. Furthermore, pain was more correlated with work impairment and activity impairment than was function or fatigue. 18 Studies on the effects of TNF antagonists on work limitations in RA patients have had either a retrospective observational design or a clinical primary outcome with work data examined as a secondary outcome. [19] [20] [21] [22] [23] [24] These studies show an improvement in employability and a reduction (TNF  antagonists) . 17, 23, 25 In the present study, we examined the correlation between changes in work productivity and disease activity. After 6 mo and 12 mo, TNF antagonists significantly increased productivity in RA patients by 48.6% and 47.2%, respectively. The improvement in the Productivity VAS was correlated significantly with the changes in disease activity (DAS28 changes). Furthermore, changes in the Productivity VAS were significantly correlated with the baseline mHAQ. The most significant identifier of work disability in patients with RA has been shown to be the HAQ functional disability score. 26, 27 These findings, combined with those of the present report, suggest that functional disability may be closely linked to the improvement of productivity but not to the disease activity of RA at baseline.
The indirect costs of RA, including the economic impact of workday losses, reduced productivity while at work, and the total cost of RA to society, could be much higher. 28 For example, the cost of RA has been reported to account for 0.3% of the gross domestic product in the United States. 29 With a larger patient scale, assessing the indirect costs would be supported by objective outcomes, such as the number of lost workdays or reduced working times per day. To validate the efficacy and benefits of biologics, especially the productivity of daily work, the Work Productivity and Activity Impairment (WPAI) questionnaire is a wellknown instrument that measures impairments in both paid and unpaid work and has been validated to quantify work impairments for numerous diseases, including RA. [30] [31] [32] In our study population, the unemployment rate at baseline was high (52%), which corresponds with the etiology of RA, namely that affected patients with RA are more likely to be older and female, and the reduced employability in patients with RA. In the present study, we simplified this measurement. Further studies are needed to evaluate the economic value of such improvement.
One of the limitations of the present study is that the number of enrolled patients is relatively small. This study is the first to show the impact of the treatment with TNF antagonists in Japanese patients with RA on the productivity of daily work with the changes in disease activity. In order to confirm the relation between the improvements of daily productivity and other patient characteristics or clinical and serological parameters, future studies should examine a larger number of RA patients. In conclusion, we found that the productivity of work in daily life and in society significantly improved during the treatment with TNF antagonists, such as Ifx and Etn, which parallels the reduction in the signs and symptoms of RA. Early and effective treatment of RA may contribute not only to improving the quality of life but also to reducing costs by decreasing lost productivity, surgical procedures and requirements for extended-care facility admission, and social service utilization. Because the loss of productivity is an important contributor to the indirect costs of RA, our findings may be relevant for the pharmacoeconomic assessment of treatments.
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